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ABSTRACT: 

PURPOSE: To improve the characteristics by constructing a Josephson element 
using usperhigh-purity niobium as the evaporation or sputtering target, thereby 
minimizing the trap of the magnetic field, reduction of the transition 
temperature, and change in the coherence length &epsi;. 

CONSTITUTION: Niobium 2 becoming a grand plane for shielding the element and 
device from the floating magnetic field is grown into a film on a Si substrate 
1 . Further, in the same vacuum, SiO<SB>2</SB> 3 becoming an insulating layer 
is formed, and then, after making the resist pattern 4 of the lower electrode 
of a Josephson element, niobium 5 is evaporated, and lift-off is performed, 
forming the lower electrode. Thereafter, the resist pattern of the upper 
electrode is formed, the lower electrode surface of the exposed connecting 
portion if cleaned, thermal oxidation and plasma oxidation are applied to make 
in insulating barrier 6, and thereafter an upper electrode 7 is formed by 
evaporation and lift-off. That is, by using superhigh-purity niobium, 
ununiformity due to the impurities existing in the film can be reduced, 
enabling the trap center causing the trap of the magnetic field to be reduced. 
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Specification 

1. Name of this Invention 

Josephson Element Composed By Using Super High Purity Niobium 

2 . Claims 

Josephson element composed by using super high purity niobium or 
its compound, wherein a gas component, alkali metal, heavy metal, and 
semiconductor impure substances in said Josephson element are either 
fairly small or below detectable quantities. 

3. Detailed Explanation of this Invention 
[Industrial Field] 

This invention pertains to a Josephson element composed of a 
super high purity niobium type thin film having significantly reduced 
lattice defects. 
[Conventional Technology] 

In order to manufacture a Josephson element with excellent 
characteristics, the following conditions must be met: 
1. It is essential that, by utilizing an applicable technique, two 
super conductive part are positioned near the distance several times 
greater than the coherent length (^ 0 ) of the material itself. * to' ' 
which varies depending on the material, is usually less than 100 nm. 
To obtain this value, a highly technical micro-processing method must 
be used. However, satisfactory technique is still not available 
after much research. Also, by widening the operational range for 
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easier operation, the material must have a high transfer temperature 
(Tc) . In addition, the material must be resistant to cycles of 
liquid helium and room temperatures. Considering those requirements, 
lead alloy type and niobium type materials were selected as research 
subjects . 

Lead alloy type material having a relatively long (approx. 
100 nm) was much researched and reported. However, as it is a soft 
metal, various problems, such as coherent weakness to temperature 
cycles, insufficient stability due to its tendency of forming rocks, 
inadequate smoothness and uniformity of the film, and tendency to 
trap magnetic fluxes. Although many studies were conducted to solve 
those problems, no clear solution has been made. Therefore, a 
niobium type material, which is resistant to temperature cycles with 
a high transfer temperature, has attracted industrial attentions. In 
spite of its strong getter function and tendency to cause 
deterioration of super conductivity, niobium is expected to function 
as a main substance for this purpose, a method to produce niobium or 
a niobium type thin film having excellent film characteristic is 
critical . 

Although various methods are available for forming thin films, 
commonly used techniques are a vapor-depositing method and spattering 
method. To refine a niobium type thin film using those methods, 
after completing sufficient chamber degasif ication to prevent the 
reaction between niobium and residual gas in the vacuumed chamber, 
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the chamber is adjusted to ultra high vacuum state (10" 5 Pa) . 
Moreover, the film is formed at an ultra high speed to prevent the 
reaction between vapor-deposited atoms or spattered atoms and gas 
substances prior to their arrival to the substrate. 

However, since niobium with sufficient purity for a vapor- 
deposit source or target source does not exist, the impure substances 
existing in niobium negatively affect the film characteristics. That 
is, when a Josephson element is created using niobium films or super 
conductive device comprised of super conductive circuit /passive 
element containing the Josephson element are prepared, the quality of 
such products are often substandard due to impure substances included 
in the vapor deposit source and spattering target. 
[Problems to Be Solved by this Invention] 

The purpose of this invention is to provide a Josephson element 
production method by almost completely avoiding mixing of impure 
substances which negatively affect the ultra conductive 
characteristic in the thin film so that the prepared film does not 
cause magnetic flux trapping, lower transfer temperature, or 
fluctuation of coherence length 
[Method to Solve the Problems] 

This invention was developed to achieve the purpose as described 
above by providing a Josephson element composed by using super high 
purity niobium or its compound, wherein a gas component, alkali 
metal, heavy metal, and semiconductor impure substances in said 
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Josephson element are either fairly small or below detectable 
quantities. As a niobium compound, NbN may be used in the place of 
NbN monomer. 

Super high purity niobium can be obtained by the method 
described in Patent No. 60-118774 reported by the developers of this 
invention. The typical analysis results are shown in Table 1. The 
niobium purity was 99.99% or higher. 



<Table 1> 
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A super high purity niobium film can be prepared by vapor- 
depositing (which is the preferred method) or spattering. 

The following describes a production example of Josephson 
element prepared from said super high purity niobium using a vapor- 
deposit method (see Fig. 1) . 

First, niobium 2, used as a ground plane for blocking the 
element and device from floating free magnetic fields, is deposited 
on an Si substrate 1 using a spattering method to form a 200 - 300 



w 

(run) thick film. Furthermore, in the same vacuumed atmosphere, Si0 2 3 
used as an insulation film is deposited to form a 200 - 300 (nm) 
thick film using a spattering method. Then, after a resist pattern 4 
is created on the lower electrode of Josephson element, a 150 - 200 
(nm) thick niobium film 5 is formed and lifted off to create a lower 
electrode. Next, a resist pattern for the upper electrode is formed. 
After the lower electrode surface of the exposed connection area is 
plasma-cleaned, heat-oxidized, and plasma-oxidized in order to create 
an insulation division wall 6, the thickness of upper electrode 7 is 
adjusted to approx. 400 nm using a vapor-depositing and lift-off 
method. 

[Effectiveness of this Invention] 

This invention can provide the following effectiveness: 
The use of super high purity niobium can significantly minimize 
the film unevenness caused by impure substances existing in the film. 
As a result, trap-centers causing magnetic flux trapping can be 
drastically reduced. 

With the conventional super conductive thin film, when creating 
numerous Josephson elements, eliminating the influence of magnetic 
flux trapped to maximum Josephson electric current is fairly 
difficult. However, the thin film based on this invention can 
minimize such magnetic field effects. Also, since scattering, caused 
by imperfect thin film structure created by impure substances, can be 
significantly suppressed, residual resistance ratio 9 (=P3oox/Pt/ 
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P3oox=300K / p T =Suf f iciently low temperature compared with the device 
temperature) can be minimized. As a result/ a film thinner than the 
conventional film can maintain the equivalent Tc value. This is a 
highly effective characteristic when forming films into a laminate. 
Furthermore, the film can provide improved strength to heat cycles. 

In addition to a niobium film, a niobium compound film can 
provide the same effectiveness. Moreover, a thin film formed by a 
spattering method can provide the same benefits. 
4. Simple Explanation of the Figures 

Figure 1 is an example of Josephson element production using 
super high vapor-deposit method. 

l...Substrate; 2...Ground plane; 3...Insulation layer; 4...Resist 
stencil; 5...Lower electrode; 6...Insulation wall; 7 ...Upper 'electrode 
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